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Abstract
We investigate the structure of the scalar mesons f0(975) and a0(980) within
realistic meson-exchange models of the ππ and πη interactions. Starting from
a modified version of the Ju¨lich model for ππ scattering we perform an analysis
of the pole structure of the resulting scattering amplitude and find, in con-
trast to existing models, a somewhat large mass for the f0(975) (mf0 = 1015
MeV, Γf0 = 30 MeV). It is shown that our model provides a description of
J/ψ → φππ/φKK data comparable in quality with those of alternative mod-
els. Furthermore, the formalism developed for the ππ system is consistently
extended to the πη interaction leading to a description of the a0(980) as a
dynamically generated threshold effect (which is therefore neither a conven-
tional qq state nor a KK bound state). Exploring the corresponding pole
1
position the a0(980) is found to be rather broad (ma0 = 991 MeV, Γa0 = 202
MeV). The experimentally observed smaller width results from the influence
of the nearby KK threshold on this pole.
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I. INTRODUCTION
With increasing experimental information about the different members of the meson
spectrum it becomes more and more important to develop a consistent understanding of the
observed mesons from a theoretical point of view. For the low lying pseudoscalar, vector
and tensor mesons this has been done quite successfully within the framework of the simple
quark model assuming the mesons to be quark-antiquark (qq) states grouped together into
nonets. For the scalar mesons, however, several questions still remain to be answered, most
of them being related to the nature of the experimentally observed mesons f0(975) and
a0(980).
In a long standing controversial discussion the f0(975) has been described as, for example,
a conventional qq meson [1], a KK molecule [2] or a multiquark state [3]. In order to
discriminate between different models Morgan and Pennington [4,5] recently investigated
new data on the decay J/ψ → φππ/φKK [6,7] concluding that a conventional Breit-Wigner
(i.e. qq) structure is most probable for the f0(975). They claim that the ππ/KK amplitude
is characterized by two poles near the KK threshold on the [bt] (second) and [bb] (third)
sheet (see Ref. [8] and Sec. II for sheet structure and notation). In the Ju¨lich model of the ππ
interaction [9] the f0(975) appears to be a pure KK bound state generated dynamically by
vector-meson exchange. Such a state has only one nearby pole on the [bt] sheet, a structure
seemingly disfavored by the results of Ref. [4]. However, it has been pointed out by Zou and
Bugg [10] that a model with only one nearby [bt] sheet pole (similar to a KK bound state)
but a very broad [bb] sheet pole is also compatible with the J/ψ data. We have therefore
fitted this data with the ππ/KK amplitude resulting from our meson-exchange model and
obtained a description comparable in quality with those of the alternative models discussed
above. This seems to support very recent developments [11] that J/ψ decay may no longer
be regarded as the crucial discriminant for the structure of the f0(975).
What turns out to be quite different in our analysis is the rather large mass (interpreted
as the pole position) of the f0(975) (mf0 = 1.015 GeV, see Sec. III) which is a consequence
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of its KK bound state nature in combination with a rather strong coupling between ππ and
KK channels. While there has been considerable discussion in the literature concerning the
width of the f0(975) [5,10,12], there seems to be a consensus that the mass lies between 0.97
and 1.0 GeV. Interestingly, our value for the mass is somewhat larger than this due to the
strong influence of the KK threshold.
Closely related to the f0(975) is the a0(980) which is observed in the πη channel. Both
mesons couple to the KK channel and their masses lie very close to the KK threshold.
As with the f0(975), the nature of the a0(980) is still under discussion, especially since
the available experimental information about πη scattering is rather poor compared to ππ
scattering [13]. In Ref. [2] the f0(975) and a0(980) emerge from a non-relativistic quark
model calculation to be degenerate KK bound states. However, while the Ju¨lich model of
the ππ interaction comes to the same conclusion for the f0(975) the situation turns out to be
rather different for the a0(980). The KK interaction generated by vector-meson exchange,
which for isospin I = 0 is strong enough to generate a bound state, is much weaker for I = 1
making a degeneracy of a0(980) and f0(975) impossible.
It is therefore one aim of this paper to address the question of whether the close relation
between a0(980) and f0(975) expressed by their similar properties (masses, proximity to
KK threshold, etc.) can be understood in the framework of our meson-exchange model. By
extending the ππ model consistently to the πη system we find that this is indeed possible. We
obtain a model where both the a0(980) and f0(975) originate from the coupling to the KK
channel. However, the underlying structure turns out to be quite different. In contrast to the
f0(975), the a0(980) would not appear to be a KK bound state but a dynamically generated
threshold effect with a relatively broad pole on the [bt] sheet. We find poles responsible for
the observed a0(980) and f0(975) at complex energies (ReE, ImE) = (991,±101) MeV and
(1015,±15) MeV respectively. Despite such different pole positions, the observed position
and width of the structure in the cross sections turn out to be rather similar. This is directly
attributable to the proximity of the KK threshold at 991 MeV.
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Section II contains the basic ingredients of our model for ππ and πη scattering as well as
the underlying formalism relevant for the investigation of the f0(975) and a0(980). Results
are presented and discussed in Sec. III. The paper ends with concluding remarks in Sec. IV.
II. MODEL
In order to understand the underlying structure of the scalar mesons f0(975) and a0(980)
(referred to as f0 and a0 in the following) we have to develop realistic models for ππ and πη
scattering respectively. The basis for the present work is the Ju¨lich meson exchange model
for the ππ interaction whose evaluation has been discussed in detail in former work [9,14].
Compared to the original version some modifications have been performed which will be
discussed in the following.
The potentials for ππ → ππ, ππ → KK and KK → KK are generated from the
diagrams shown in Fig. 1. The figure shows only s- and t-channel diagrams; u-channel
processes corresponding to the included t-channel processes are also included when they
contribute. The scalar-isoscalar particle denoted by ǫ in Fig. 1 effectively includes the
singlet and the octet member of the scalar nonet. We investigated the effects of t-channel
f2(1270) and ǫ exchange but found their effects to be negligible. Hence, the results presented
here do not include them. For completeness we have also added the s-channel pole diagrams
ππ/KK → ǫ, ρ, f2 → ππ/KK, which enable a unified description of all partial waves.
However, the s-channel ρ and f2 poles do not contribute to the description of the f0(975) or
a0(980).
The coupling constant gρππ, required for t- and u-channel exchange diagrams, is deter-
mined from the decay widths of the ρ. The s-channel ǫ, ρ and f2 exchanges are renormalized
by solving Eq. (1) below, so the bare couplings and bare masses are adjusted to reproduce
experimental data in the appropriate partial waves. All remaining coupling constants are de-
termined from SU(3) symmetry relations, and standard assumptions about the octet/singlet
mixing angles, as demonstrated in Ref. [9] (see Tables I and II).
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The scattering amplitudes are obtained by iterating these potentials by using a coupled
channel scattering equation. We follow the approach of [14] and use the Blankenbecler-Sugar
formalism (BbS, [15]) rather than time-ordered perturbation theory [9]. The partial wave
decomposed, coupled channel scattering amplitude Tij [i, j = ππ(πη), KK; indices for total
angular momentum and isospin are suppressed] is therefore given by
Tij(k
′, k;E) = Vij(k
′, k;E) +
∑
l
∫
dk′′k′′
2
Vil(k
′, k′′;E)
×Gl(k′′;E)Tlj(k′′, k;E)
(1)
where E =
√
s denotes the total center of mass energy.
The BbS two-meson propagator for channel l is denoted Gl(k
′′;E) and can be written as
Gl(k
′′;E) =
ω1 + ω2
(2π)32ω1ω2
1
(E2 − (ω1 + ω2)2) (2)
where ω1 and ω2 are the on-mass shell energies for particle 1 and 2 respectively, ωα =
√
k′′2 +mα. The on-shell momentum k0 for channel l is defined by the singularity of Gl to
be
k0 =
√
(E2 − (m1 +m2)2)(E2 − (m1 −m2)2)
2E
(3)
In order to determine the correct values for the mass and width of the f0 as they are
predicted by our model, it is necessary to explore the position of the poles of the scattering
amplitude T . This can only be done by taking into account the sheet structure of the
scattering amplitude which is imposed by the existence of ππ and KK thresholds. We
will use the notation of [8] for referring to the various sheets using a two character string
composed of the letters t and b to signify on which sheet of each threshold the energy lies.
The conventional second sheet, for example, is therefore denoted by [bt] indicating that the
energy is on the bottom sheet of the ππ channel and the top sheet of the KK channel. The
sheet definition is visualized in Fig. 2.
To determine the poles of the scattering amplitude Tij generated by Eq. (1) we solve the
following eigenvalue equation [16]
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∑
l
[λ(E)δil − Vil(E)Gl(E)]φl(E) ≡
∑
l
Il(E) = 0, (4)
where φl(E) denotes the eigenfunction for channel l, and search for complex energies ER
that result in an eigenvalue λ(ER) = 1.
When the integral appearing in the momentum representation of Eq. (4) is performed,
care must be taken to avoid the poles of Gl and to take into account the multi-sheet structure
of Tij . Following the approach of Ref. [8] this can be done for physical (i.e., on the top sheet)
energies Et simply by rotating the contour of integration into the complex plane. For energies
Eb on the bottom sheet of threshold l the residue of the pole of Gl(k
′′;E) at k′′ = −k0 must
be included. In summary we obtain [8]
Il(Et) =
∫
C
dk′′k′′
2
[λ(Et)δ(k − k′′)δil
−Vil(k, k′′;Et)Gl(k′′;Et)]φl(k′′;Et) (5)
and
Il(Eb) =
∫
C
dk′′k′′
2
[λ(Eb)δ(k − k′′)δil
−Vil(k, k′′;Eb)Gl(k′′;Eb)]φl(k′′;Eb)
−2πi (−k0)
4(2π)3Eb
Vil(k,−k0;Eb)φl(−k0;Eb) (6)
where the contour C is as shown in Fig. 3(a) for Im(E) ≥ 0 and as in Fig. 3(b) for Im(E) < 0.
In practice, we implement this by using a Gaussian quadrature rule to reduce Eqs. (4)–(6)
to a matrix eigenvalue equation, and then set λ = 1 and search for energies such that
det[1− V (E)G(E)] = 0. (7)
In solving Eq. (4), problems may arise from the t- and u-channel contributions to the
potential Vil. Inserting the off-shell prescription of the BbS formalism (see Appendix A) we
obtain for the t-channel diagrams (and analogously for the u-channel)
Vil(k
′, k;E) ∝ [t−M2]−1
= [−k2 − k′2 + 2kk′ cos θ −M2]−1 (8)
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where M denotes the mass of the exchanged particle and θ is the scattering angle. For a
fully off-shell potential this propagator never becomes singular since k and k′ vary along the
same rotated contour. This is not true, however, for the half off-shell potentials appearing in
Eq. (6) which leads to a restriction on the energy region that can be be searched using this
method. We have calculated the locations of all these singularities in the complex energy
plane and found them to be far away from the energy region of interest to this investigation.
This is also true for the πη channel where the equivalent of Eq. (8) looks more complicated
due to the unequal masses.
The formalism for calculating the J/ψ → φππ/φKK mass spectra has been described in
detail in Ref. [10]. The input is the ππ/KK amplitudes Tij which in our model are generated
by Eq. (1). Our amplitudes are normalized differently to those of Ref. [10], with the relation
between the two being given by
T
[10]
ij = [64π
2]−1Tij . (9)
Since the difference is just a constant factor it is absorbed in the overall normalization of
the J/ψ mass spectra. The amplitudes for J/ψ decay are given by
F (ψ → φπ+π−) =
[
2
3
]1/2
[α1(s)T11 + α2(s)T21],
F (ψ → φK+K−) =
[
1
2
]1/2
[α1(s)T12 + α2(s)T22], (10)
with the real coupling functions αi parameterized by
αi(s) = γi0 + γi1s (11)
where γi0 and γi1 are free parameters. The experimentally observed mass spectra are then
formed from the modulus squared of these amplitudes multiplied by phase space and an
overall normalization factor.
Finally, we develop our formalism for the πη interaction in order to obtain an under-
standing of the a0 meson. As for the f0, we include the coupling to the KK channel, where
the corresponding direct KK interaction is taken to be exactly the same as for the ππ case,
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projected now onto isospin I = 1. In addition, our model includes the t-channel K∗ ex-
change diagram shown in Fig. 4 (and corresponding u-channel diagram) which couples the
πη channel to KK. The spin-momentum structure of this potential is given by the same
general expression for the interaction between two pseudoscalar particles which has been
derived for the ππ interaction (see Ref. [9] and Appendix A). The potential corresponding
to Fig. 4 is obtained by using the appropriate coupling constants and isospin factors (Tables
I and IV) and the BbS off-shell prescription for different-mass particles (Appendix A).
Since the coupling constant gηKK∗ is related by SU(3) symmetry to gρππ, the entire πη
T -matrix is obtained with the addition of only one new parameter, the cutoff mass ΛηKK∗.
The πη scattering amplitude T and the location of its poles follow from exactly the same
formalism as was developed for the ππ interaction. Since the ǫ and f2 t-channel exchanges
were found to be negligible, this model does not include any direct πη → πη potential.
III. RESULTS AND DISCUSSION
Having specified all of the relevant formalism, we first look at elastic ππ scattering where
we essentially reproduce the results of Ref. [9] within our modified model. Figure 5 shows
the result of our fit to experimental data for the JI = 00 (f0) partial wave as well as for
JI = 02, 11, 20 and 22 with the complete set of parameters given in Tables I–III. As could
be expected from Refs. [9,14] we obtain quite good overall agreement with the experimental
situation. The quality of the total fit obtained with a relatively small number of parameters
demonstrates the validity of the model. In particular we note that t-channel ρ exchange is
the sole contributor to JI = 02 and 22, and, as can be seen in the dotted curve in Fig. 5,
provides a substantial part of the low energy JI = 00 interaction. This suggests that the
spin-isospin structure provided by the t-channel meson exchanges arising from a Lagrangian
with effective meson degrees of freedom is substantively correct.
In particular we are able to describe the structure appearing around 1.0 GeV in the
isoscalar ππ S-wave which is assigned to the f0 meson. In our model this resonance like
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behavior is generated dynamically by the strong attraction arising from ρ, ω and φ exchange
in theKK channel and we therefore do not need a genuine scalar resonance with mass around
1.0 GeV. This is demonstrated for δ00 by the dashed line in Fig. 5 where we have excluded
the s-channel ǫ pole diagram. On the other hand, it is definitely necessary to include a heavy
scalar particle, namely the ǫ with mass around 1.4 GeV, to describe the experimental data
beyond 1.0 GeV (see the solid line in Fig. 5). This particle may be interpreted as the member
of the scalar nonet; i.e., it effectively parameterizes the effect of both the isoscalar singlet
and octet contributions and any other higher mass states present in the scalar-isoscalar
spectrum. For smaller energies (E ≃ 0.5 GeV) the ππ S-wave is characterized by a sizable
phase shift dominantly generated by t-channel ρ exchange. The corresponding attraction
between the two pions forms a broad background to the f0 (dotted curve in Fig. 5).
Having obtained a model which is able to describe experimental data on elastic ππ
scattering, we are now in a position to discuss the pole positions of the scattering amplitude
in the isoscalar ππ S-wave.
Looking at smaller energies first, we find a very broad pole on the [bt] sheet at complex
energy (ReE, ImE) = (387,±305) MeV and its shadow-pole counterpart [8] on the [bb] sheet
at (314,±428) MeV (see Table V). At vanishing ππ/KK coupling this pole is found on both
KK sheets at the same position but when the coupling is increased they move apart. This
is demonstrated in Fig. 6 where we turned off the ππ/KK coupling gradually, thus proving
that we have really found a pole and its corresponding shadow pole. This shows that these
poles are generated by the strong t-channel ρ exchange in the ππ → ππ potential. The pole
closest to the physical region, namely the one on [bt], is the origin of the large ππ S-wave
phase shifts below 1.0 GeV (see δ00 in Fig. 5). Following Ref. [10] we denote it σ(400).
We find an additional pair of connected poles at lower energies (Re(E)≃500 MeV) on
sheets [tb] and [bb] indicating that this time the origin is the direct KK interaction. However,
since both [tb] and [bb] poles are far away from the physical region they do not have any effect
on physical observables and are therefore quite unimportant for the present investigation.
Looking at higher energies, we find the poles generated by the ǫ s-channel diagram
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necessary to describe data above 1.0 GeV. Including exclusively this diagram and turning
off the ππ/KK coupling a pole is found at (1354,±167) MeV on [bt] and [bb] sheets (Fig.
7, point A). The t-channel contributions to the ππ potential shift both poles to point B
of Fig. 7 before they move apart when the ππ/KK coupling is increased. Whereas the
physically unimportant [bt] pole moves to very high energies the [bb] pole is finally found
at (1346,±249) MeV (see Table V). This pole, lying closest to the physical region, defines
the parameters of the genuine scalar particle which effectively includes the singlet and the
octet member of the scalar nonet. We denote it by f0(1400) although it is more likely an
effective parameterization of two scalar resonances, such as f0(1400) and f0(1590). Both
poles, σ(400) and f0(1400) form a background to the f0(975). A similar structure has been
observed in Ref. [12].
Next we investigate the energy region around the KK threshold and find a single pole
on the [bt] sheet at (1015,±15) MeV which clearly has to be assigned to the f0 meson and
to the corresponding structure in ππ phase shifts and inelasticities. We therefore obtain
mf0 = 1015 MeV; Γf0 = 30 MeV. (12)
In the zero ππ/KK coupling limit the pole moves back to (985, 0) MeV (i.e., on the real
axis and below the KK threshold) and appears on sheets [tt] and [bt] (see Fig. 8). This
demonstrates the bound state nature of the f0 within our model.
Compared to other models [4,12] we find a rather high mass (when interpreted as the
pole position) for the f0. This is a consequence of the relatively strong coupling between
the ππ and KK channels which moves the pole from the real axis to its final position. A
similar movement of a bound state pole to energies above the corresponding threshold was
already found in Ref. [8] and as the strength of the ππ/KK coupling is constrained by the
fit to experimental data, the relatively high mass seems to be a more general feature of our
bound state model for the f0.
The fact that the pole is on the [bt] sheet and above the KK threshold means that its
effect will be seen most strongly at the threshold. This can be seen in, for example, the
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partial wave cross section which is shown in Fig. 9. The most evident feature is the strong
dip in the cross section which occurs precisely at the KK threshold. There is no structure
evident near the pole at (1015,±15) MeV. Clearly it is insufficient to simply quote the mass
parameters of the f0(975) without describing in detail how the threshold is incorporated
since the two are inextricably linked.
For completeness, we finally look at the ρ (JI = 11) channel. As could be expected
we observe a pole on the [bt] sheet and an unimportant shadow pole on the [bb] sheet with
the position of the former found at (775,±82) MeV. The deviation from the usually given
Breit-Wigner parameters (mρ = 768.1 MeV; Γρ/2 =76 MeV) is due to the existence of a
non-pole background generated by the t-channel diagrams.
So far we have discussed a model for ππ scattering which is able to produce quite sat-
isfactory agreement with experimental data and leads to a KK bound state structure for
the f0 meson. However, as was discussed in the introduction, it has been pointed out by
Morgan and Pennington [4,5] that information on elastic ππ scattering is not sufficient to
discriminate between alternative models for the structure of the f0. Whereas they claim
that the decay J/ψ → φππ/φKK demands two poles nearby the KK threshold on sheets
[bt] and [bb], Zou and Bugg [10] recently found that a solution with only one nearby [bt] pole
is also compatible with the experimental situation. The latter model contains an additional
[bb] sheet pole but since its position is far away from KK threshold the pole structure is
similar to those of our KK bound state model.
Figure 10 shows the result of our fit to the J/ψ decay data from DM2 [6] and MK3 [7].
The fit was obtained using {γ10, γ11, γ20, γ21} = {7.716,−16.399, 24.670,−9.418} (see Eq.
(11)) (γ10 and γ20 are dimensionless while γ11 and γ21 are in GeV
−2). The fit demonstrates
that our model is able to reproduce this data quite well. Moreover, the quality of the
fit is strictly comparable in quality with those of alternative models [5,10] leading to the
conclusion that the bound state structure of the f0 is not disfavored by the J/ψ criterion.
This finding is in agreement with a very recent development calling into question the role
of the J/ψ decay as a crucial discriminant between different models for the f0 [11].
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Next we turn our attention to the πη channel and the structure of the a0. It was already
pointed out that we want to extend the concepts applied to the ππ interaction consistently
to the πη system; therefore, the KK interaction required for a πη/KK coupled-channel
approach is taken to be exactly the same as for the ππ case (projected now onto isospin
I = 1). However, as can be seen from Tables I and IV, the important ρ exchange between
two kaons becomes repulsive for isospin I=1 destroying the KK bound state we found for
I=0. To illustrate this we considered only the direct KK interaction and gradually changed
the isospin factor for ρ exchange from −3 to 1. Figure 11 shows the motion of the bound
state pole that results. As the KK interaction decreases the bound-state pole on the [bt]
(=[tt]) sheet crosses the KK threshold to the [tb] (=[bb]) sheet and moves down along the
real axis to energies far away from KK threshold.
Although the preceding remarks rule out a KK bound-state (or anti-bound state) struc-
ture for the a0 our consistent meson exchange framework allows us to proceeded anyway to
construct a model for πη scattering as described in Section II. As already noted, only one
additional parameter is needed, namely the cutoff mass ΛηKK∗. Before we discuss our results
some remarks should be made concerning the available experimental information which, in
contrast to the ππ interaction, is rather poor for the πη case. The parameters of the a0
have been derived indirectly from the mass spectra of relatively complicated processes like
pp→ ppηπ+π− [13] and recent values obtained from conventional Breit-Wigner fits are
ma0 = (983± 2) MeV; Γa0 = (57± 11) MeV [13],
ma0 = (984± 4) MeV; Γa0 = (95± 14) MeV [17]. (13)
We note that there would still appear to be some uncertainty concerning the width of the
a0. Interestingly, the Particle Data Group [13] choose to exclude the results of Ref. [17] from
their averaged width. This seems surprising since (a) it was derived from a larger event
sample than any of the values they did include, (b) it is from a more recent publication than
any value included, the most recent value included being ten years older, and (c) they did
include the results of Ref. [17] in their mass average. As we will see, our results favor the
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larger width obtained by Ref. [17].
Figure 12(a) shows the sensitivity of our calculation for the πη cross section on the only
remaining relevant parameter not constrained by the ππ system, namely the cutoff mass
ΛηKK∗.
Although the shape of the cross section depends on the parameter choice we always
observe a peak around theKK threshold. Looking at the pole structure of the corresponding
πη T -matrix a single pole on the [bt] sheet is found for each value of ΛηKK∗ [Fig. 12(b)]. For
a pole position below KK threshold the corresponding cross sections have a rounded peak
form whereas for values above (where a [bb] pole at the same position would be closer to the
physical region) we observe a cusp structure.
In order to get a feeling for the origin of the observed [bt] pole we have excluded the direct
KK interaction in Fig. 13. Although the pole is now always found above KK threshold
it is still present. We therefore conclude it must originate from the transition potential
πη → KK and hence is a dynamically generated effect of the opening of the KK channel.
However, the direct KK interaction appears to be an important contribution in order to
obtain reasonable agreement with experimental information. It is obvious that the cusp-like
cross sections of Fig. 13(a) do not yield a0 parameters in agreement with the Breit-Wigner
fits summarized in Eq. (13).
Compared to K∗ exchange in the ππ → KK transition potential, the corresponding
diagram for πη → KK appears to be stronger. This can already be seen by calculating
the factor C of Eq. (A4) for K∗ exchange yielding C(πη → KK)=√2C(ππ → KK). In
addition, the total ππ/KK transition potential is reduced by a partial cancellation between
K∗ t-channel and ǫ s-channel exchange. Figure 14 demonstrates the crucial role of the
πη → KK coupling strength for the a0 structure. When this coupling is decreased only
slightly the [bt] pole moves to an energy region where it no longer has any effect on physical
observables.
Figure 15 shows the cross section for our full model with ΛηKK∗ adjusted so that a Breit-
Wigner fit to our calculated cross section roughly agrees with that obtained by fits to the
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available data [13,17]. The mass and width of the a0 determined from this cross section are
ma0 ≃ 985 MeV and Γa0 ≃ 110 MeV, in reasonable agreement with the experimental values
of Ref. [17]. It is not possible in our model to obtain the smaller width reported by Ref. [13].
The ‘real’ values for the a0 parameters, however, can only be obtained from the position of
the pole and so we finally find in our model
ma0 = 991 MeV; Γa0 = 202 MeV. (14)
The a0 width determined from our pole analysis turns out to be much larger than the
standard values [Eq. (13)]. The observed narrower peak in the cross section is a consequence
of the closeness to the KK threshold. This is in agreement with other investigations [18,19]
which also find that the a0 is not really narrow.
IV. CONCLUSIONS
In summary, we have investigated the structure of the scalar mesons f0(975) and a0(980)
in the framework of a meson exchange model for ππ and πη scattering. The latter has been
obtained by a consistent extension of the Ju¨lich model for the ππ interaction [9].
Our solution for the ππ scattering amplitude is shown to be compatible with the available
experimental data sets. In particular, we are able to describe data on J/ψ → φππ/φKK
decay which has been considered to be an important testing criterion for models of the
f0(975). By exploring the pole positions of the ππ T -matrix (see Table V) we found the
f0(975) to be a narrow KK bound state of relatively large mass (mf0= 1015 MeV). We also
found a very broad σ(400) pole on the [bt] sheet (cf. Ref. [10]) which generates the large
ππ S-wave phase shifts below 1.0 GeV. For high energies, the pole of a heavy scalar particle
with qq structure is observed on the [bb] sheet which is interpreted as a mixture of two scalar
mesons, such as f0(1400) and f0(1590).
A consistent extension of our model to the πη channel generates a pole on the [bt] sheet
relatively close to KK threshold. Looking at the corresponding πη cross section we find a
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peak structure in reasonable agreement with the experimental information available for the
parameters of the a0(980). However, the mass and width derived from the pole position
show the a0(980) to be rather broad. We discussed the role of the direct KK interaction for
our results and found it to be not essential for the generation of a pole though it improves
the agreement with experimental data. The origin of the [bt] pole assigned to the a0(980) is
therefore the transition potential πη → KK.
In conclusion, both scalar mesons, f0(975) and a0(980), result from the coupling to
the KK channel which explains in a natural way their similar properties. The underlying
structure, however, is quite different. Whereas the f0(975) appears to be a KK bound state
the a0(980) is found to be a dynamically generated threshold effect. To finally decide about
the parameters of these mesons additional experimental information on KK production and
the πη system is required. A corresponding experiment is, for example, proposed for the
Ju¨lich proton synchrotron COSY [20].
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APPENDIX A: POTENTIAL EXPRESSIONS
In this appendix we give explicit expressions for the potential describing the interaction
between two pseudoscalar mesons of mass mp. Some of them have already been derived in
[9]. We write Vs/t ≡ Vs/t(k3, k4; k1, k2;E) where k1−k4 are the four-momenta of the external
mesons and the subscript denotes an s- or t-channel exchange. We have
Scalar-meson exchange:
Lpps = gpps
mp
∂µφp∂µφpφs
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Vt =
4C
m2p
k1µk
µ
3k2νk
ν
4
t−M2
Vs =
4C
m2p
k1µk
µ
2k3νk
ν
4
s−M20
(A1)
Vector-meson exchange:
Lppv = gppvφp∂µφpφµv
Vt = C
∑
λ
(k1 + k3)
µ(k2 + k4)
νǫ∗µǫν
t−M2
Vs = C
∑
λ
(k1 − k2)µ(k3 − k4)νǫ∗µǫν
s−M20
(A2)
Tensor-meson exchange:
Lppt = gppt
mp
∂µφp∂
νφpφtµν
Vt =
C
m2p
∑
λ
(k1µk3ν + k3µk1ν)(k2σk4τ + k4σk2τ )
× ǫ
∗µνǫστ
t−M2
Vs =
C
m2p
∑
λ
(k1µk2ν + k2µk1ν)(k3σk4τ + k4σk3τ )
× ǫ
∗µνǫστ
s−M20
(A3)
Here, ǫµ denotes the polarization vector of an exchanged vector meson, which depends on the
exchanged momentum and helicity λ, while ǫµν is the corresponding object for exchanged
tensor mesons. The mass of the exchanged particle is denoted byM . For s-channel processes
the multiple scattering series renormalizes the exchanged meson so a bare mass M0 is used,
which in each case is adjusted to fit an observed resonance.
The u-channel contributions can be obtained by exchanging k3 and k4 and replacing t
by u.
The overall factor C is given by
C = g2fnF 2. (A4)
17
Here, F denotes a standard form factor of dipole type
t-, u-channel: F =
(
2Λ2 −M2
2Λ2 − (k′ ∓ k)2
)2
s-channel: F =
(
2Λ2 − k20(M)
2Λ2 − |k|2
)2
(A5)
where k and k′ denote the initial and final c.m. momenta and k0(E) is the on-shell momentum
defined in Eq. (3). [For s-channel, the F 2 appearing in Eq. (A4) is really F (k)F (k′).] The
corresponding cutoff masses Λ, together with coupling constants g2/4π, isospin factors f
and bare masses M0, are given in Tables I–IV. The isospin factors f are derived from the
standard isospin structure of the Lagrangians, which was suppressed in Eqs. (A1)–(A3).
The factor n takes into account the normalization of states for identical particles [9]. It is
1/2 for ππ → ππ, 1/√2 for ππ → KK and 1 for KK → KK, πη → πη and πη → KK.
To evaluate the potentials explicitly the BbS off-shell prescription has to be applied for
the different momenta;
k1 =
(√
s
2
+ c,k
)
; k2 =
(√
s
2
− c,−k
)
, (A6)
and
k3 =
(√
s
2
+ c′,k′
)
; k4 =
(√
s
2
− c′,−k′
)
, (A7)
where
c, c′ =


m2
pi
−m2
η
2
√
s
for πη
0 for ππ, KK.
(A8)
Finally, a standard partial wave expansion is performed to obtain potentials suitable for
use in Eq. (1).
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FIGURES
FIG. 1. Diagrams included in the potentials ππ → ππ, ππ → KK and KK → KK.
FIG. 2. Sheets of the energy plane and their labeling. In parentheses we have given the con-
ventional notation. The double lines symbolize ππ and KK unitarity cuts.
FIG. 3. Rotated integration contours used for evaluating the integrals of Eqs. (5) and (6).
FIG. 4. Diagram included in the potential πη → KK.
FIG. 5. Results of the modified Ju¨lich ππ interaction model. Data are from Refs. [21–23]. The
solid line shows the result of our full model. For the dashed line in δ00 we have excluded the ǫ
s-channel pole diagram. The dotted line contains only t- and u-channel ρ exchange.
FIG. 6. The positions of the σ(400) pole on [bt] and its shadow pole on [bb] for our full model
(squares). For decreasing ππ/KK coupling they move along the curves indicated and the dot gives
their position in the zero coupling limit.
FIG. 7. The f0(1400) pole on [bb] and its shadow pole on [bt]. Notations are as in Fig. 6. For
point A, only the diagram ππ → ǫ → ππ is considered while point B includes in addition the
t-channel diagrams for ππ → ππ.
FIG. 8. The f0(975) pole on [bt]. Notations as in Fig. 6.
FIG. 9. The calculated JI = 00 ππ cross section.
FIG. 10. Fit to J/ψ → φππ/φKK data. The upper panel shows the fit to data of Ref. [7] and
the lower panel to Ref. [6].
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FIG. 11. The movement of the KK bound-state pole as the strength of ρ exchange decreases
(finally becoming repulsive). Starting point is the attractive interaction corresponding to the ππ
system where I = 0 (isospin factor f = −3) which gives rise to the bound state (dot).
FIG. 12. The πη cross section (a) and the corresponding pole position (b) for different choices
of the parameter ΛηKK∗. A: 3.6 GeV; B: 3.1 GeV; C: 2.6 GeV.
FIG. 13. The same as Fig. 12 but without any direct KK interaction. The values of ΛηKK∗
are A: 5.0 GeV; B: 4.0 GeV; C: 3.1 GeV.
FIG. 14. The movement of the a0(980) pole as the πη/KK coupling strength is decreased.
When the pole crosses the real axis the reduction factor is about 0.8.
FIG. 15. The πη cross section for our full model.
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TABLES
TABLE I. Vertex parameters for t-channel exchanges. Relations between coupling constants
are obtained using SU(3) and ideal mixing between the octet and singlet.
Vertex g Λ [MeV]
ππρ 6.04 1355
πKK∗ gπKK∗ = gπKK∗ = −12gππρ 1900
KKρ gKKρ = gKKρ =
1
2gππρ 1850
KKω gKKω = −gKKω = 12gππρ 2800
KKφ gKKφ = −gKKφ = 1√2gππρ 2800
ηKK∗ gηKK∗ = −gηKK∗ = −
√
3
2 gππρ 3290
TABLE II. Vertex parameters for s-channel exchanges. The exchanged meson is identified with
a superscript (0) since it is a bare meson. The ǫ(0) contributes to the description of the f0(975).
None of the other parameters contribute to f0 or a0.
Vertex g Λ [MeV]
ππǫ(0) 0.286 925
KKǫ(0) −0.286a 1200
ππρ(0) 5.32 1647
KKρ(0) 12gππρ(0) 830
ππf
(0)
2 1.23 995
KKf
(0)
2
2
3gππf(0)2
937
aSince the singlet/octet mixing angle for the scalar nonet is not known, gKKǫ(0) is a free parameter
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TABLE III. Bare masses M0 used in the s-channel exchanges, in MeV.
ǫ(0) ρ(0) f
(0)
2
1520 1125 1660
TABLE IV. Isospin factors for each meson exchange diagram used.
Potential Meson Type Factor f
I = 0 I = 1 I = 2
ππ → ππ ρ t-channel −2 −1 1
ǫ(0) s-channel 3 0 0
ρ(0) s-channel 0 2 0
f
(0)
2 s-channel 3 0 0
ππ → KK K∗ t-channel √6 2 —
ǫ(0) s-channel −√6 0 —
ρ(0) s-channel 0 2 —
f
(0)
2 s-channel −
√
6 0 —
KK → KK ρ t-channel −3 1 —
ω t-channel 1 1 —
φ t-channel 1 1 —
ǫ(0) s-channel 2 0 —
ρ(0) s-channel 0 2 —
f
(0)
2 s-channel 2 0 —
πη → KK K∗ t-channel — √2 —
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TABLE V. A summary of all poles found in the ππ −KK − πη system.
I J Sheet Pole position Comment
[MeV]
0 0 [bt] (II) (387,±305) σ(400)
0 0 [bb] (III) (314,±428) σ(400) shadow pole
0 0 [bt] (II) (1015,±15) f0(975)
0 0 [bb] (III) (1346,±249) effective f0(1400) − f0(1590)
1 1 [bt] (II) (775,±82) ρ
1 0 [bt] (II) (991,±101) a0(980)
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